In recent years, a number of studies have been reported on the various types of cancer arising from epigenetic alterations, including reports that these epigenetic alterations occur as a result of radiation exposure or infection. Thyroid cancer and breast cancer, in particular, have high cancer burden, and it has been confirmed that radiation exposure or onco-viral infection are linked to increased risk of development of these two types of cancer, respectively. Thus, the environment-epigenetic alteration-cancer occurrence (EEC) hypothesis has been suggested. This paper reviews the trends in research supporting this hypothesis for radiation exposure and oncoviral infection. If more evidences accumulate for the EEC hypothesis from future research, those findings may greatly aid in the prevention, early diagnosis, treatment, and prognosis of the thyroid cancer and breast cancer.
INTRODUCTION
Thyroid cancer is the most common type of cancer for Korean, while breast cancer is the only cancer among primary site cancers evaluated by Korea's National Cancer Screening Program that shows an increased incidence each year [1] . Thus, there is an urgent need to improve the prevention programs that can reduce the incidence rate of thyroid cancer and breast cancer.
In order to prevent specific cancers, various carcinogens that increase the risk of those cancers need to be identified and controlled. Smith et al. [2] summarized and suggested the mechanisms by which the carcinogens cause various types of cancer. One of the suggested mechanisms was carcinogenesis resulting from epigenetic alterations.
Epigenetic alterations are heritable changes in gene expression that do not affect the DNA sequence [3] , and cell molecular changes include DNA methylation, histone modifications, and microRNAs [4, 5] . In 1983, Feinberg and Vogelstein [6] proposed the possibility of cancer development resulting from epigenetic alterations. Since then, this idea has been applied to various types of cancer [7] . It is now believed that cancer develops not only from genomic changes but also from epigenetic alterations (Table S1) .
As of the year-end in 2015, Verma [7] reviewed the studies that investigated the association between epigenetic alteration and carcinogens, and then proposed infectious agents, radiation, and toxic substances are key environmental factors that may cause epigenetic alteration. According to Verma [7] , epigenetic alterations occur due to environmental factors, which lead to cancer development, establishing a sort of loop. This suggests the environment-epigenetic alteration-cancer (EEC) hypothesis (Figure 1 ). This paper examines the trends in research that supports the EEC hypothesis with a focus on the studies related to thyroid cancer and breast cancer development caused by two environmental factors, radiation and infectious agents, and aims to provide research directions and topics involving epigenomes in these two types of cancer, which have high burdens.
RADIATION-EPIGENETIC ALTERATION -(THYROID) CANCER OCCURRENCE HYPOTHESIS
In addition to thyroid cancer, breast cancer and leukemia are primary cancers known to be caused by exposure to radiation [8, 9] . There are a number of epidemiological findings from the studies on the survivors of the nuclear disasters in Japan and Chernobyl that support acute radiation exposure at high concentration is associated with increased risk of thyroid cancer development [8, 10] .
Genetic mutations in thyroid cancer may be divided into the following two mutations: (1) BRAF/RAS point mutation and (2) RET/PTC chromosomal rearrangement [11] . It has been reported that compared to tumor cells of sporadic thyroid cancer, thyroid cancer cells of nuclear disaster survivors showed higher cases of RET/PTC chromosomal rearrangement mutation than the BRAF/RAS point mutation. The number of cases for the RET/PTC chromosomal rearrangement increased as the level of radiation exposure increased [10, 12] . Based on these findings, it would be possible to infer a specific carcinogenesis for each cases of cancer by examining the pattern of genetic changes [13] .
Vu-Phan and Koenig [11] reviewed the research findings on epigenetic alterations in thyroid cancer. However, the number of epigenetic studies are less than of researches identifying genetic changes. Furthermore, it is very limited to see study findings that support the hypothesis of radiation-induced epigenetic alterations lead to thyroid cancer development. Thus, the research proposal for the EEC hypothesis is based on the following three grounds.
First, Bird [14] proposed to redefine the epigenetics as 'the structural adaptation of chromosomal regions' in 2007. This was due to the fact that the key mutations of the radiation-induced thyroid cancer are chromosomal rearrangements [10, 12] . In other words, it is necessary to examine epigenetic alterations in radiation-induced thyroid cancer.
Second, identifying some specific patterns of epigenetic alterations according to radiation exposure may help predict carcinogens, which in turn can provide clues to the controversy on the association between chronic exposure to low concentration of radiation and thyroid cancer [9] .
Third, if gathering more evidences supporting the hypothesis that epigenetic alterations lead to thyroid cancer development, it would be possible to provide early cancer diagnosis, personalized cancer treatment, and cancer prevention to nuclear plant workers [11] .
INFECTION-EPIGENETIC ALTERATION -(BREAST) CANCER OCCURRENCE HYPOTHESIS
Okada [15] summarized the infectious agents related to each of primary site cancers through classic epidemiology and is explaining this using the mechanism of inflammation-related carcinogenesis. It has been reported that chronic inflammation caused by Helicobacter pylori (H. pylori) and hepatitis virus lead to aberrant DNA methylation [16] . This suggests that chronic inflammation caused by infectious agents result in epigenetic alteration, leading to carcinogenesis [16, 17] . These successive steps to cancer development could be explained by the EEC hypothesis. In other words, a number of studies are applying the EEC hypothesis and investigating the cancers that have proven associations with infectious agents, such as 
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H. pylori infection and stomach cancer, human papillomavirus (HPV) infection and cervical cancer, and hepatitis B/C virus and liver cancer [18] .
In 2008, Lo and Sukumar [19] reviewed the findings on the mechanism of breast cancer carcinogenesis resulting from epigenetic alterations and claimed that 'breast cancer carcinogenesis involves genetic and epigenetic alterations that cause aberrant gene function' . It has been reported that, in addition to being the key mechanism of breast cancer development, epigenetic alterations determine the histological type and are involved in ER/PR hormone receptors and cancer drug resistance [4, 20] .
Moreover, some systematic reviews showed Epstein-Barr virus (EBV), HPV, and human mammary tumor virus (HMTV) infections increase the risk of breast cancer development by 3.84 times (95% confidence interval [CI], 2.24 to 6.58) [21] , 4.02 times (95% CI, 2.42 to 6.68) [22] , and 8.37 times (95% CI, 2.29 to 23.39) [23] , respectively.
There have been, however, only a limited number of studies on the EEC hypothesis of breast cancer, which suggests that onco-viral infection causes epigenetic alterations, resulting in breast cancer development. The aforementioned cell molecular findings that show epigenetic alteration leads to breast cancer development and classic epidemiologic findings that show EBV, HPV, and HMTV increase the risk of breast cancer development provide enough justification to apply EEC hypothesis to the breast cancer development. This proposal is based on the following three grounds.
First, a systematic review showed that EBV infection increases stomach cancer development by 3.40 times (95% CI, 1.78 to 6.51) [24] , and the evidence supporting the association between epigenetic alteration and stomach cancer are being established [16] . Moreover, systematic reviews showing that HPV and HMTV infections, in addition to EBV infection, are linked to increased risk of breast cancer development have been reported [21] [22] [23] . Thus, there is a need for more research on the epigenetics of the oncovirus induced breast cancer development.
Second, the incidence rate of breast cancer in Korean women is the highest between the ages of 45-49 and decreases thereafter. This unique epidemiologic characteristic has continued since the national cancer registry project has started. This pattern can be explained by infections [25, 26] . It has been known that liver cancer develops 10-30 years after hepatitis B virus infection [27] , and, in general, cancer develops 14-40 years after oncovirus infections [28] . Thus, the time of breast cancer development may be linked to the infection at puberty, at which Korean women begin sexual activities.
Third, a vaccine for HPV has been developed, and adolescent women students are given the vaccination with the purpose of cervical cancer prevention. Based on the EEC hypothesis, this program may result in lowering breast cancer incidence [25] .
CONCLUSIONS AND SUGGESTIONS
If a specific cancer due to epigenetic alterations occurs, it may be possible to provide early diagnosis, personalized therapy, and prevention programs for those cancers [16, 29] . If there are more evidence supporting the hypothesis that thyroid cancer and breast cancer, two types of cancer with highest cancer burden in Korea, are caused by radiation-and infection-induced epigenetic alterations, an active prevention strategy may be developed.
Furthermore, as infections have been estimated to be associated with approximately 20% of cancers worldwide, 12% of which is caused by oncovirus [30] , researches on the mechanisms of carcinogenesis based on the EEC hypothesis may greatly contribute to the prevention, early diagnosis, treatment, and prognosis of the infection-induced cancers.
